We present new spectroscopic observations of BL Lacertae, made through an annular aperture, which show convincingly that the diffuse light surrounding the central source has a spectrum which is normal for a luminous elliptical galaxy with a redshift near 0.07. Subject headings: BL Lacertae objects -galaxies: general I. INTRODUCTION In a previous Letter (Miller and Hawley 1977, hereafter Paper I), we presented spectra of the nuclear region of BL Lacertae which showed several very weak features. We identified these with absorption produced by the interstellar medium of our Galaxy and with emission and absorption features which could be associated with a galaxy of redshift z « 0.07. We concluded that, with all available data, the demonstration that there exists a galaxy of stars associated with BL Lac could not be made with certainty. In this Letter we present new data which remove all doubt and demonstrate unequivocally that the prototype of the BL Lacertae class of objects is located in a luminous galaxy of stars.
I. INTRODUCTION In a previous
, hereafter Paper I), we presented spectra of the nuclear region of BL Lacertae which showed several very weak features. We identified these with absorption produced by the interstellar medium of our Galaxy and with emission and absorption features which could be associated with a galaxy of redshift z « 0.07. We concluded that, with all available data, the demonstration that there exists a galaxy of stars associated with BL Lac could not be made with certainty. In this Letter we present new data which remove all doubt and demonstrate unequivocally that the prototype of the BL Lacertae class of objects is located in a luminous galaxy of stars.
II. OBSERVATIONS The new observations presented here were made with the Lick Observatory 3 m Shane reflector, using the same equipment and procedures for observation and reduction as described in Paper I, except that a new set of circular and annular apertures were employed. These apertures were constructed by evaporating an opaque coat of aluminum onto a glass microscope slide on which several small metal disks and rings were placed to serve as masks. The clear areas shadowed by the masks formed the entrance apertures which were used in place of the normal slit and decker arrangement. Guiding was straightforward and accurate, since the aluminized slide can be viewed directly with the television guiding system; thus a very clear view is obtained of a stellar object centered on the highly reflective opaque center of an annular aperture. For the circular apertures used for scattered-light measurements, guiding could also be done accurately by using the faint image reflected off the clear glass.
BL Lac was observed on 1977 July 20 and 21 for a total time of 224 minutes. The nuclear magnitudes at X ^ 5480 Â as measured through a 6" circular aperture were 16.23 and 16.09 on the two successive nights, fainter than at any of the Paper I observations. The seeing on both nights was excellent (<l // ) > and all observations were made when BL Lac was close to the zenith. The annulus used had inner and outer diameters * Bulletin of the Lick Observatory, No. 788.
of 6" and 10". As before, two identical apertures separated by 35" on the sky were used, and the object was interchanged every 4 or 8 minutes between them; the other aperture served as a sky channel. In addition, the 6" circular aperture was used to measure the nuclear regions of BL Lac, and this aperture and the annular one were used on a nearby star to provide an estimate of the scattered light from the stellar nucleus passing through the annulus. Figure 1 presents the averaged data from the two nights taken through the annular aperture, reduced to relative energy units but not corrected for scattered light of the nucleus or reddening. For comparison, a spectrum of M32 taken with the same annular aperture centered on the galaxy is also plotted with a redshift of 0.0695 applied to its spectrum; the reason for using M32 as a comparison galaxy will be discussed below. It is clear that all of the principal features characteristic of the spectrum of an E galaxy are present in the BL Lacertae spectrum; a few of the stronger ones are identified in the figure. Along with the individual spectral features, one can also see that the general continuum is similar to that of M32. These data are in complete accord with those for the nuclear region presented in Paper I, for if the annular spectrum of the present Letter were severely diluted by a smooth continuum, one would expect to detect only the strongest absorption features, Ca il K and Mg i 6, as observed in Paper I. The lack of detectable [O in] in the annular spectrum suggests that the emission from this ion reported in Paper I is confined to the nuclear region. These data leave no doubt that the dominant source of light in the annular observations of BL Lac comes from a galaxy of stars, and the remaining questions which can be investigated with these data are the redshift of the galaxy, the magnitude of the galaxy component, and the degree to which one can say that the galaxy spectrum is a normal one for an elliptical galaxy.
in. DISCUSSION We determined, for the galaxy component, 2 = 0.0695 ± 0.001 by redshifting the spectrum of M32 until best overall match with BL Lac was found as judged from visual inspection; the error estimate is for the maximum range that would provide an acceptable L85 L86
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Fig. 1.-Spectrum of the galaxy associated with BL Lacertae. For comparison, a spectrum of M32 obtained with the same equipment is shown; this spectrum has been modified by applying a redshift equal to that derived for BL Lac. Several prominent features are identified, and the increased noise and spikes near 4358, 5460, and 5577 Â result from inaccuracies of the sky subtraction caused by the very strong night-sky lines at these wavelengths.
fit. This result is slightly higher than that obtained from Ca n K and Mg i 6 in Paper I, but is consistent with the earlier result when one considers the uncertainties in the earlier determination and the smaller redshift which would be expected for the absorption lines if they were strongly diluted by a continuum which increases in intensity toward the red. Also, this redshift does not differ significantly from 2 = 0.0687 derived from the nuclear emission lines in Paper I.
Measurements of the star near BL Lac indicated there was no significant wavelength dependence for the scattered light over the range 4300-5700 Â. In this range we derived 0.015 and 0.018 on the first and second nights, respectively, for the ratio of the flux from a stellar object passing through the annulus to that incident on the occulting disk. The data had higher noise in the ultraviolet, so nothing accurate can be said about the scattered light shortward of 4300 Â, where it might be expected to increase. Though the nucleus of BL Lac was about 0.15 mag brighter on the second night, subtraction of the nuclear spectra multiplied by the scattered-light fractions given above from the annulus data gave measured values for the flux from the galaxy component on the two nights consistent to about 5%. The average scattered-light contribution to the annulus flux measurement went from about 18% near 5600 Â to 26% near 4300 Â. Because of the flatter spectrum of the central source, the percentage of scattered light in the measured annular flux would continue to increase toward the ultraviolet even if the fraction scattered remained constant with wavelength. Since the central source has a smooth spectrum (though we did detect weakly the presence of the Mg 1 b feature), the annulus spectrum with the scattered light removed looks virtually identical to that shown in Figure 1 , except that the absorption features and continuum break shortward of 4280 Â show more strongly, as expected. We derive, for the general continuum level of the galaxy (with the scattered light removed), F (X5480) = 9.21 X 10" 28 and F (X4400) = 3.13 X 10 -28 ergs s -1 Hz -1 , which correspond to magnitudes of 19.00 and 20.17, respectively, using the calibration of Oke and Schild (1970) . These wavelengths are close to the centers of the V and B filter bands. To compare these results with earlier determinations requires the adoption of an intensity profile for the galaxy. If we use Sandage's (1972a) relationship between measured magnitude and aperture derived from first-ranked elliptical galaxies, we derive w(X5480) = 17.3 for what would be measured through a 19'i6 diameter aperture. The data in Paper I give 16.9 mag based on an extrapolation from a 3''7 aperture measurement to 19''6, using the same curve, which is a reasonable agreement if one considers that the Paper I result depended entirely on an uncertain estimate of the amount of dilution present in the weak feature identified with Mg i b. (In Paper I the magnitude 16.5 given for the galaxy refers to an extrapolation to Sandage's No. 2, 1978 "standard metric diameter^ rather than a 19''6 aperture as stated.) This is considerably fainter than the value 16.0 given by Thuan, Oke, and Gunn (1975) for the estimated V magnitude through 19''6 aperture; the difference stems from their result that the nucleus was considerably brighter than the Sandage curve would predict. If they use just their annular data and the Sandage curve, they derive V = 16.6 for the same aperture, in good agreement with Kinman's (1975) . value of 16.5. The results of Paper I indicate that Thuan et al. overestimated the brightness of the nuclear region of the galaxy; the reasonable agreement of the results from the annular measurements of this paper and the nuclear ones of Paper I provides some evidence that the galaxy may be described fairly well by the Sandage curve. However, the possibility cannot be entirely ruled out that the nuclear regions are brighter than indicated by the Sandage curve, since the magnitude estimates for the galaxy based on observations closer to the nucleus by Thuan et al. and in Paper I both indicate a more luminous galaxy than that derived in this paper. Regardless of the accuracies of the various extrapolations, we estimate the fluxes measured for the galaxy through the annulus given above are accurate to 10%.
An estimate of the absolute magnitude of the galaxy associated with BL Lac requires a correction for reddening. In Paper I we derived E(B -F) = 0.6 ± 0.3 from the strengths of diffuse interstellar bands in the spectrum. We can derive a more direct estimate by assuming a value for the intrinsic color of the galaxy as measured through the annulus. Since the M32 line spectrum is a fairly good match for the BL Lacertae galaxy spectrum, we have applied a redshift correction to the M32 spectrum to bring it to the redshift of BL Lac and then derived the relative fluxes which would be measured at 5480 and 4400 Â. This result indicates that BL Lac is reddened 0.2 ±0.1 mag more than M32, if the assumption of intrinsic color identity is correct. If we adopt E(B -V) = 0.1 for M32 (Spinrad and Taylor 1970) , we derive E(B -V) = 0.3 for BL Lac, in agreement with the value adopted by Thuan et al. Using 0.9 mag for extinction at 5480 Â and a Hubble constant of 50 km s -1 Mpc -1 , we derive from the 19''6 extrapolated magnitude Ai (A5480) = -21.7. For Sandage's (1972a) standard metric diameter, we would derive -22.1. It is important to stress that these values are subject to the unknown error introduced by using L87 Sandage's standard curve to make aperture corrections. Nevertheless, there is no question that the galaxy associated with BL Lac is quite luminous; the values given above would indicate it is about 1 mag fainter than a first-ranked cluster elliptical galaxy, though in the range covered by radio galaxies (Sandage 19726) . Figure 1 shows that the spectrum of M32 is a fairly good match for the spectrum of the galaxy associated with BL Lac. With the scattered light removed from the BL Lacertae spectrum, the absorption features appear marginally stronger than those observed in M32. The choice of M32 for the comparison galaxy was motivated by the recent work of Faber, Burstein, and Dressier (1978) . They showed that, because of the decrease in line strengths in elliptical galaxies both with decreasing luminosity of the galaxy and with radial distance from the center in a given galaxy, the spectrum of the nuclear region of M32 can be a reasonable match for outlying regions of luminous giant elliptical galaxies. In agreement with our observations, their work suggests that the M32 nuclear regions should exhibit slightly weaker spectral features than would a galaxy with the absolute magnitude derived above for the BL Lacertae galaxy observed at a radial distance of 6-10 kpc. To the limits set by the noise in the data and the complexities of interpreting line strengths in elliptical galaxies, we conclude that the spectrum we have obtained of the galaxy associated with BL Lac is entirely normal for a luminous elliptical galaxy.
To conclude, the new data we present in this Letter establish without question that the extended light surrounding the nucleus of BL Lac originates in a luminous galaxy of stars with a redshift near 0.07. The spectrum of this galaxy appears entirely normal. The central source varies from a luminosity roughly comparable with that of the galaxy to an amount over 10 times greater. If one wishes to lessen the severe physical problems associated with understanding the high luminosity and rapid variability of BL Lac and QSOs such as 3C 454.3 and CTA 102 (Burbidge, Jones, and O'Dell 1974) by appealing to noncosmological redshifts, it is clear that for BL Lac itself such deviant redshifts would have to apply to the entire galaxy of stars and not just result from peculiarities involving the physical nature of the central source.
